Thunderhead metamorphosed sandstone (Mast and Turk, 1999) . Over time flowing water has 1 0 8 eroded away some exposed bedrock leaving large densities of dense rounded boulders, cobble, and gravel in the streambed. A Wolman pebble count (Wolman, 1954) in the study area found a 1 1 0 D50 value, which represents the median substrate size, in the very coarse gravel category (32--64 1 1 1 6 mm) (Hecht-Kardasz, 2011) . Interstitial habitat is limited within the Little River streambed as 1 1 2 sand often fills in many portions of the gravel beds. The elevation of the study area ranged from 1 1 3 327-407 m. Vegetation within the stream was uncommon, and the riparian vegetation was 1 1 4 classified as pine and river cove hardwood forest (Madden et al., 2004) . The area has a temperate 1 1 5 climate, with an average annual rainfall of 142 cm and temperature averages of 3.17°C in winter 1 1 6 and 21.7°C in summer (National Oceanic and Atmospheric Administration, 2016) . Oct 2009, July-Sept 2010. Some surveyors occasionally used log peaveys to lift larger rocks. Hellbenders were captured by hand. We measured total length (TL) and snout-vent length (SVL) 1 2 2 of most sub-adult and adult Hellbenders with the aid of modified PVC pipe. Small sub-adults and 1 2 3 larvae were placed in a wet zip lock bag prior to measurement. Hellbenders were individually 1 2 4 marked before release (see Hecht-Kardasz et al., 2012) . Microhabitat parameters were measured directly at the point of capture. Because Hellbenders are largely nocturnal (Nickerson and Mays, 1973) and generally have small home 1 2 7 ranges and exhibit site fidelity (Hillis and Bellis, 1971; Wiggs, 1977; Nickerson and Mays, 1973 ; , 1996; Ball, 2001) , we assumed that the microhabitat at point of capture accurately Woonsocket, RI, USA) but due to equipment failure, these data were not analyzed. To test for differences in stream substrate associated with shelter rocks, we measured a 1 3 7 handful of streambed particles under confirmed shelter rocks using the Federal Interagency Sedimentation Project (FISP) US SAH-97 sediment size analyzer, also known as a gravelometer. Individual Hellbenders were classified into stage classes using TL. Individuals <125 mm 1 4 5 in TL, both gilled and non-gilled, were classified as larvae. Larvae were also classified into first 1 4 6 (<90 mm TL) and second year (>100 mm TL) age classes for shelter size analysis based on 1 4 7 previous studies and the results of surveys in Little River (Smith, 1907; Bishop, 1941 ; Hecht-1 4 8 Kardasz et al., 2012) . Three individuals between 90-100 mm TL could not be classified to an 1 4 9 age class and were therefore not used in analysis comparing larval age classes. All individuals 1 5 0 measuring 125-275 mm TL were considered sub-adults, while any individuals over 275 mm 1 5 1 were classified as adults. Further justification for stage class classifications can be found in We analyzed data using base packages in R version 3.2.2 (R Core Team, 2015) unless 1 5 4 otherwise specified. We calculated mean (+ SD) for all continuous normally-distributed habitat 1 5 5 variables and median for non-normal continuous variables. To examine the relationships between were also compared among life stages. As water depth, larval shelter size, and conductivity data 1 5 8
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were not normally distributed, these parameters were tested using Kruskal-Wallis rank sum tests 1 5 9 with pairwise comparisons performed using the pairw.kw function in the asbio package (Aho, 1 6 0 2014). The remaining normally distributed parameters were evaluated using ANOVA and t-tests. In order to control family wise error rate at 0.05, Bonferroni's correction was used for all Geophysical Union proposed grade scale (Lane, 1947) . Due to the low presence of some 1 6 5 categories, all particles <4 mm were combined into one category before the data was used for 1 6 6 statistical analysis. The presence/absence of streambed particle size at the site of capture was 1 6 7 compared among stage classes using an ordinal logistic regression with the lrm function in 1 6 8 package rms (Harrell, 2015) . We also performed a binary logistic regression model using the lrm 1 6 9 function to compare the presence/absence of particle categories between occupied sites and 1 7 0 random locations. Due to weak correlations between smaller streambed particle size categories, 1 7 1 additional models were tested combining all particles <32 mm into one category. Runs contained the most individuals for all stage classes (83%, 82%, and 62% of larvae, 1 7 4 sub-adults and adults respectively) followed by pools (11%, 14%, and 34%). Average pH at 1 7 5 capture sites was 7.24 + 0.28 (Range 6.74-8.10; n=97). Mean conductivity was 12.98 + 2.41 Hellbender TL and water temperature (n=102), water temperature was not a strong predictor of 1 8 0
Hellbender TL (R 2 =0.042; p=0.039). A similar relationship was found between conductivity and Shelter size ranged from 120--1470 mm with a mean of 673.81 + 285.75 mm (n=217). Based on the results of linear regression, we found a weak correlation between Hellbender TL 1 9 3 and shelter size (n=217) (R 2 =0.266; p<0.001) ( Fig. 3 ). Although overall shelter size among the 1 9 4 stage classes overlapped, average shelter size differed significantly among stage classes (F(2, 1 9 5 214)=32.82; p<0.001; Fig. 4 ). Mean shelter size of larvae (464.36 + 244.65 mm; n=61) was 1 9 6 significantly different from both adults (794.44 + 254.27 mm; n=100; t = 8.11, df = 159, p-value 1 9 7 = <0.001) and sub-adults (686.55 + 252.46 mm, n=56; t=-4.83, df = 115, p-value = <0.001). Sub-1 9 8 adults (n=56) and adults (n=100) also differed significantly in mean shelter size (t = 2.55, df = 1 9 9 154, p-value = 0.012). There was no statistical difference between mean shelter size between first of second year larvae was 610 mm. One individual of 90 mm TL found beneath a 1286 mm 2 0 3 boulder could not conclusively be categorized as a first or second year larva. 2 0 4
Streambed particle classes under shelter rocks of larvae (n=25), sub-adults (n=26), and 2 0 5 adults (n=38) did not differ significantly (Table 1) . There was no difference in significant terms 2 0 6 when particles <32 mm were combined. When comparing random samples to locations of 2 0 7 capture, however, Hellbenders appeared to utilize shelters underlain at least partially by very 2 0 8 coarse gravel more than would be expected by chance (Table 2 ). Our model also found a negative 2 0 9 association between Hellbender use and rock shelters overlaying fine gravel. Very coarse gravel 2 1 0 was the only significant term in the model combining particles <32mm (Table 3) . used by larvae includes a direct overlap in shelter size with sub-adults and adults, which may be 2 1 6 partially due to some young individuals dispersing from their site of hatching later than others. Second year larvae could be more selective in their choice of shelter due to experience with 2 2 0 predators, however the sample size of second year larvae was relatively small so further research 2 2 1 is warranted. The weak relationship of shelter size and Hellbender TL found during this study is 2 2 2 notable because previous studies examining habitat use by Hellbenders have found no association 2 2 3 between shelter size and Hellbender size (Hillis and Bellis, 1971; Humphries and Pauley, 2005) . However, these studies have focused primarily on adult sized Hellbenders. Flooding has been cited as a potential threat to Hellbender populations with several 2 2 6 published reports of displaced, injured, and dead Hellbenders following high water events in 2 2 7 other localities (Humphries, 2005; Miller and Miller, 2005; Bodinoff et al., 2012a) . Previous 2 2 8 work in Little River suggested that flooding may be influential in the size structure of the localities (Smith, 1907; Nickerson and Mays, 1973; Nickerson et al., 2003) . As this habitat is not was significantly smaller than sub-adults and adults. Smaller shelters may be easily moved by 2 4 0 increased water current, increasing the risk of the Hellbender larvae underneath being crushed, 2 4 1 swept downstream, or exposed to predators. Researchers recently found a crushed larvae in Little Due to the lack of gravel bed habitat in Little River, the interstitial spaces among the 2 4 7 gravel, cobble, and boulders beneath the larger shelter rocks may be particularly important to Hellbender larvae for additional protection and access to smaller food items. However, larvae 2 4 9 were found directly under shelter rocks rather than underlying cobble or gravel (Hecht, pers. obs), 2 5 0 and no difference in stream particle sizes below shelter rocks was noted among the stage classes. Hellbenders, with individuals being more likely to select habitat resources where coarse substrate 2 5 5 was touching. shelter rocks, leaving Hellbenders with reduced protection from stream flow, predators, and con- availability. Other studies have examined the role of streambed particle sizes on the occupancy of Hellbender but have been unable to compare streambed particle association among stage classes. Most studies have focused on broader particle categories rather than the more fine scale 2 7 0 categories used in this study, but found a general association between gravel and/or cobble substrates and Hellbender occupancy (Keitzer, 2007; Maxwell, 2009; Burgmeier et al., 2011; 2 7 2 Bodinoff et al, 2012b). These types of streambed particles are known to harbor a number of 2 7 3 salamander species including Hellbender larvae (Smith, 1907; Nickerson and Mays, 1973; 2 7 4 Tumlinson et al ., 1990) and also serve as important macro-invertebrate habitat (Giller and for Hellbenders of all sizes. Conductivity at larval sites was significantly different from adult sites. As conductivity 2 7 8 measurements were low, and because there was little difference between the mean of the larval 2 7 9 and other stage groups, it seems unlikely that this difference is biologically meaningful. River is fed by surface water, water depth and water temperate varied due to fluctuations in 2 8 6 precipitation. Because microhabitat parameters were assumed to be relatively constant through 2 8 7 time, this study cannot conclusively rule out the effects of water depth and water temperature on 2 8 8 ontogenetic habitat use during the survey period. Our examination of Hellbender microhabitat associations assumed that individuals were 2 9 0 associated with the microhabitat at diurnal capture sites for significant time periods. While a 2 9 1 majority of studies support an association of adult Hellbenders to seasonal or longer habitats 2 9 2 (Smith, 1907; Green, 1933; Hillis and Bellis, 1971; Wiggs, 1977; Nickerson and Mays, 1973; 2 9 3 Nickerson, 1980; Blais, 1996; Ball, 2001) , information regarding movement, activity, and site to sunset (Floyd et al., 2013) . It is unclear whether C. alleganiensis larvae are nocturnal or 2 9 7 diurnal in the wild, although Smith (1907) noted that hatchlings avoided light. Although it is also 2 9 8 unknown whether wild Hellbender larvae leave shelter to forage, other salamander larvae have sometime in spring or early summer (Bishop, 1941) , prior to the seasonal timeframe of this study. As we already discussed above, some larvae may leave nest shelters later in the summer, but 3 0 5 those captured during this study were almost entirely solitary, making it likely that dispersion had 3 0 6 already occurred. While it is not unreasonable to assume that young Hellbenders, like adults, are 3 0 7 associated with specific locations for extended periods, it cannot be confirmed and therefore the Evidence is increasing that Hellbenders may exhibit ontogenetic shifts in habitat use, but Hellbender habitat at release and restoration sites is necessary in order to achieve the long-term and cobble, in addition to a variety of boulders. 
